It is pointed out that the usual oscillation condition of the H maser is only a necessary condition for steady operation. Reducing the coupled field-matter dynamics to the complex Lorenz equations we derive a second requirement which together with the first forms a set of necessary and sufficient conditions for the steady operation to be stable. The instability of the steady state predicted by the equations should be easily accessible experimentally for the cryogenic H maser. It will be characterized by a pulsed output power which, depending on the detuning, is either periodic or chaotic.
PACS numbers: 42.50.Tj, 34.90.+q, 42.52.+x, 67.65.+z Since its first realization by Goldenberg, Kleppner, and This spontaneous modulation can be either periodic or chaotic, depending on the values adopted for the various parameters, and will aff'ect in a similar way the output microwave power. We show that this time-dependent regime can be rather easily reached for the subkelvin hydrogen maser.
The maser dynamics can be described by essentially the same Maxwell-Bloch equations as a single-mode laser with homogeneous broadening. However, interesting diff'erences exist between these two systems. A first aspect is that the two classes of systems display periodic and chaotic behavior in a very different range of parameters, because the maser decay rates are very different from the usual values found in the visible or ir domains (see Table I ). As a consequence, the analysis of the dynamical equations has to be specialized for this new domain of parameters. A second aspect which is worth stressing is that the derivation of the Maxwell-Bloch 2630 1990 The American Physical Society 
